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,QWURGXFWLRQ
$VSHFWVRIDV\VWHPXQGHUGHVLJQFDQEHSRUWUD\HGE\YDULRXVQRWDWLRQGLDJUDPVVRPHRIZKLFKLQFOXGHVSLGHU
KLHUDUFKLFDO (QKDQFHG )XQFWLRQDO )ORZ %ORFN 'LDJUDPV ())%' DFWLYLW\ VHTXHQFH 1 DQG ,QWHJUDWHG
'HILQLWLRQIRU)XQFWLRQ0RGHOLQJ,'()GLDJUDPV7KHVHPRGHOLQJGLDJUDPVSUHVHQWWKHV\VWHP¶VGDWDLQYDULRXV
IRUPV DV WKH DUFKLWHFW GHFRPSRVHV D V\VWHP  $Q ,'()PRGHO WKRXJK QRW DQ H[HFXWDEOH QRWDWLRQ SURYLGHV D
YLVXDO LQGLFDWRU RI WKH SUHVHQFH RU DEVHQFH RI GHFRPSRVLWLRQ UHODWLRQVKLSV WKDW PD\ DOVR EH HPSOR\HG RQ WKH
())%'7KLVUHVHDUFKIRFXVHVRQFRPSDULQJWKHYLVLELOLW\DQDUFKLWHFWKDVLQWRDGHVLJQXVLQJ())%'DQG,'()
PRGHOVDQGGHOLQHDWHVDQDUHDRISRWHQWLDOLPSURYHPHQWIRUWKHH[HFXWDEOH())%'DQGVLPLODUDFWLYLW\PRGHOVLQ
WHUPVRIXVDELOLW\7KHDQDO\VLVHPSOR\V())%'QRWDWLRQWRH[HPSOLI\WKHSURSRVHGLPSURYHPHQWV7KHDSSURDFK
XVHV JHQHULF WHUPLQRORJLHV LQ GHILQLQJ WKH V\VWHP DQG LWV H[WHUQDO V\VWHPV 7KH QHZ IXQFWLRQDOLW\ SURSRVHG IRU
DFWLYLW\ PRGHOV OLNH WKH ())%' H[SDQGV WKHLU XVHIXOQHVV DQG FRQYHQLHQFH IRU V\VWHPV HQJLQHHUV E\ YLVXDOL]LQJ
GHFRPSRVLWLRQ UHODWLRQVKLSV RQ WKH GLDJUDP YLHZ  7KH&25( 8QLYHUVLW\ (GLWLRQ WRRO LV XVHG WR H[HFXWH WKH
VWXG\EXWWKHVDPHSULQFLSOHVWUDQVODWHWRDQ\WRROZLWKDGLDJUDPVLPLODUWRDQ())%'
1.1. Problem Definition 
$UFKLWHFWVXVHWKHSULQFLSOHVDQGSUDFWLFHVWKH\NQRZWRSHUIRUPHUURUGHWHFWLRQDQGTXDOLW\FRQWUROIRUPRGHOV
WKH\ GHYHORS  6LPXODWLRQ RI WKH RSHUDWLRQDO DUFKLWHFWXUH DVVXUHV WKDW WKH IXQFWLRQDO DQG SK\VLFDO DUFKLWHFWXUHV¶
IXQFWLRQVDQGUHVRXUFHVZRUNFRKHVLYHO\2IWHQWKLVYHULILFDWLRQDQGYDOLGDWLRQWDNHVSODFHPDQXDOO\DQGSULRUWR
UXQQLQJ D VLPXODWLRQ  2QH W\SH RI HUURU GHWHFWLRQ WKDW LV VWLOO SHUIRUPHG PDQXDOO\ LQ FHUWDLQ PRGHOV LV WXQQHO
GHWHFWLRQ  7XQQHOLQJ LV DQ LQGLFDWRU IRU DUFKLWHFWV WKDW WKHUH LV D GLVFRQQHFW LQ WKH ORJLF RI WKH V\VWHP¶VPRGHO
7XQQHOVDUHLGHQWLILHGDQGUHSUHVHQWHGZLWKLQ,'()GLDJUDPVE\SDUHQWKHWLFDOQRWDWLRQDURXQGWKHKHDGRUWDLORIDQ
DUURZ  ,I WKHUH DUH SDUHQWKHVHV DURXQG WKH KHDG RI DQ DUURZ WKLV PHDQV WKDW GHFRPSRVLWLRQ RQ WKH GHVWLQDWLRQ
IXQFWLRQKDVEHHQSHUIRUPHGZLWKRXW\HW DOORFDWLQJ WKH IORZDVVRFLDWHGZLWK WKDW DUURZ WR D VXEIXQFWLRQ  ,I WKH
SDUHQWKHVHVDUHDURXQGWKHWDLORIDQDUURZWKLVPHDQVWKDWWKHUHLVQRVRXUFHIRUWKHIORZDVVRFLDWHGZLWKWKHDUURZ
IURPDKLJKHUIXQFWLRQ:KHUHDVWXQQHOYLVXDOL]DWLRQZLWKSDUHQWKHVHVDQGDXWRPDWLFGHWHFWLRQDVGRQHLQ&25(
LVSURYLGHGIRULQ,'()QRWDWLRQWKHUHLVSUHVHQWO\QRFRUUHVSRQGLQJWXQQHOYLVXDOL]DWLRQRUDXWRPDWLFGHWHFWLRQLQ
())%' QRWDWLRQ ,QVWHDG WKH SUHVHQFH RI WKH VDPH GLVFRQQHFWV UHSUHVHQWHG E\ WXQQHOV RQ ,'() GLDJUDPV DUH
VLJQLILHGLQ())%'VRQO\E\WKHRFFXUUHQFHRIDQHUURUGXULQJVLPXODWLRQZLWKQRYLVXDOPHDQVIRULQVSHFWLRQRQ
WKHGLDJUDPEHIRUHVLPXODWLRQ
1.2. Problem Motivation 
:KLOH WKHUH DUHPDQ\ UHDVRQV EHKLQG WKH VXFFHVVHV DQG IDLOXUHV RI SURMHFWV RQH FDXVH WKDW KDV EHHQ FORVHO\
VWXGLHG LV WKH FRPSHWHQF\ RI V\VWHPV HQJLQHHUV  0RGHOV KDYH EHHQ FUHDWHG DQG GHYHORSHG WR PHDVXUH WKH
FRPSHWHQF\RIV\VWHPVHQJLQHHUVGXHWRWKHODUJHUROHRIGHILFLHQF\LQV\VWHPVHQJLQHHULQJFDXVLQJSURMHFWIDLOXUH
7KHUH DUH PDQ\ FRQWULEXWLQJ IDFWRUV WR WKH LQFRPSHWHQF\ WKDW H[LVWV ZKLFK LQFOXGHV WKH ODFN RI HGXFDWLRQ
OHDGHUVKLS XQGHUVWDQGLQJ NQRZOHGJH DQG RWKHU IDFWRUV  $V TXRWHG LQ ³5REHUW $ )URVFKZKHQ DQ$VVLVWDQW
6HFUHWDU\ WR WKH861DY\ZURWH µ>6@\VWHPVHYHQYHU\ ODUJHV\VWHPVDUHQRWGHYHORSHGE\ WKH WRROVRIV\VWHPV
HQJLQHHULQJ EXW RQO\ E\ WKH HQJLQHHUV XVLQJ WKH WRROV¶ >)URVFK @´ 5HTXLULQJ EHWWHU HGXFDWLRQ WUDLQLQJ RU
FHUWLILFDWLRQ DUH VRPH SURVSHFWLYH VROXWLRQV EXW DOVR ILQGLQJRSSRUWXQLWLHV WR LPSURYH WRROV FDQ EH DQ DGGLWLRQDO
VROXWLRQ WR LPSURYLQJ WKH HIILFLHQF\ RI WKH HQJLQHHU E\ UHPRYLQJ EXUGHQ RI SHUIRUPLQJ UHSHWLWLYH RU
FRPSXWDWLRQDOO\LQWHQVLYHWDVNVIURPWKHKXPDQWRWKHPDFKLQH)RUH[DPSOHDQFDUXQHTXLSSHGZLWKDQDYLJDWLRQ
V\VWHPFDQWDNHLWVGULYHUIURPGHVWLQDWLRQ$WR%EXWDFDUHTXLSSHGZLWKDQDYLJDWLRQV\VWHPPD\WDNHLWVGULYHU
IURPGHVWLQDWLRQ$ WR%PRUHHIILFLHQWO\HVSHFLDOO\ LI WKHGULYHU LVXQIDPLOLDUZLWK WKH URDGV7KLVRIFRXUVHVWLOO
GHSHQGVRQWKHGULYHUQRWWRPHQWLRQWKHTXDOLW\RIWKHQDYLJDWLRQV\VWHPEXWZLWKWKHULJKWPRGLILFDWLRQVRQHFDQ
PDNHTXLWHWKHJHWDZD\

0RUHRYHUWKHQHHGIRUFRPSHWHQWV\VWHPVHQJLQHHUVJHQHUDWHVRSSRUWXQLWLHVIRUYDULRXVW\SHVRIVROXWLRQV%\
FUHDWLQJQHZZD\VWRUHGXFHWKHFKDQFHVRISRWHQWLDOIDXOWVE\V\VWHPVHQJLQHHUVSURMHFWVPD\KDYHDKLJKHUUDWHRI
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VXFFHVV%\HOLPLQDWLQJWKHJDSVLQNQRZOHGJHDQGFUHDWLQJDPRUHHIILFLHQWWRROXVHUVFDQDOVREHPRUHHIILFLHQWLQ
WKHLU ZRUN  :LWK WKH FRPSOH[LW\ RI PRGHUQ LQWHJUDWHG PRGHOLQJ WRROV LW LV HDV\ IRU V\VWHPV HQJLQHHUV ERWK
FRPSHWHQWDQGLQFRPSHWHQWWRIDOOLQWRPRPHQWVRISHUSOH[LW\WKDWFDQEHEULGJHGE\HQKDQFHGXVDELOLW\

 5HVHDUFK

7KHDUFKLWHFWLQJWRROZLOOEHWKHHQWLW\UHJDUGHGDVWKHV\VWHPXQGHUGHVLJQDQGH[WHUQDOV\VWHPVDUHLGHQWLILHG
DV WKH ³$UFKLWHFW´ DQG ³7RRO 9HQGRU´  )XUWKHUPRUH WKH V\VWHP LQ DQDO\VLV LV GHFRPSRVHG WR GHSLFW LWV VHW RI
FRPSRQHQWVDQGHOHPHQWV WRFKDUDFWHUL]H LWVRYHUDOO IXQFWLRQDOLW\RI WKH WRRO 7KLVSDUWLWLRQLQJZLOO DOORZIRU WKH
GHPDUFDWLRQRIWKHDUHDLQZKLFKWKHDUFKLWHFWLQJSULQFLSOHVFDQEHH[HFXWHGPRVWHIIHFWLYHO\$YDULHW\RIGLIIHUHQW
PRGHOVDUHXVHGLQWKLVVHFWLRQWRUHSUHVHQWWKHGHFRPSRVLWLRQDQGWRVKRZWKHQHFHVVLW\IRUDGGHGIXQFWLRQDOLW\

2.1 Context Diagram 
,Q )LJXUH D WKH FRQWH[W GLDJUDP LOOXVWUDWHV WKH UHODWLRQVKLSV EHWZHHQ WKH DUFKLWHFWLQJ WRRO DQG LWV H[WHUQDO
V\VWHPVZKLFKDUHGHILQHGDV WKH³DUFKLWHFW´DQG³WRROYHQGRU´7KHDUURZV LQGLFDWH WKH LQWHUDFWLRQVEHWZHHQ WKH
XQLWVWKHVHH[WHUQDOV\VWHPVLQWHUDFWZLWKDQGDUHLPSDFWHGE\WKHV\VWHPDVWKHV\VWHPRXWSXWVWRWKHVHH[WHUQDO
V\VWHPV7KHWRROYHQGRUDOVRDIIHFWV WKHV\VWHPVLQFHWKHYHQGRULV WKHHQWLW\ WKDWPDLQWDLQV WKHDUFKLWHFWLQJWRRO
DQGFDQPDQLSXODWHWKHIXQFWLRQVRIWKHWRRO

DE
)LJD&RQWH[WGLDJUDPE)XQFWLRQVKLHUDUFK\
2.2 Functions Hierarchy 
7KH³8QLYHUVH´LQFRQWH[WLVGHFRPSRVHGLQWRWKUHHPDLQIXQFWLRQVIURPWKH0HWDIXQFWLRQ3URYLGH$UFKLWHFWLQJ
&DSDELOLWLHV 8VH $UFKLWHFWLQJ 7RRO DQG 0DLQWDLQ $UFKLWHFWLQJ 7RRO 7KH 0HWDIXQFWLRQ FRUUHVSRQGV WR WKH
8QLYHUVHWKH3URYLGH$UFKLWHFWLQJ&DSDELOLWLHVIXQFWLRQLVSHUIRUPHGE\WKH$UFKLWHFWLQJ7RROZKLFKLVWKHV\VWHP
LQGLVFXVVLRQWKH8VH$UFKLWHFWLQJ7RROIXQFWLRQLVSHUIRUPHGE\WKHH[WHUQDOV\VWHP$UFKLWHFWDQGWKH0DLQWDLQ
$UFKLWHFWLQJ7RROIXQFWLRQLVSHUIRUPHGE\WKHILQDOH[WHUQDOV\VWHP7RRO9HQGRU)LJXUHIXUWKHUEUHDNVGRZQWKH
H[WHUQDO V\VWHP OHYHO IXQFWLRQ RI 3URYLGH $UFKLWHFWLQJ &DSDELOLWLHV LQWR WKUHH ILUVWOHYHO IXQFWLRQV $FFHSW 8VHU
5HTXHVWV	3URYLGH)HHGEDFN0DQDJH8VHU$FWLYLW\ DQG'HWHUPLQH6\VWHP5HVSRQVH7KHVH VXEIXQFWLRQV DUH
SHUIRUPHGE\WKHDUFKLWHFWLQJWRRO
2.3 First, Second and Third Level Functions: Provide Architecting Capabilities 
)LJXUHIXUWKHUVKRZVWKHIXQFWLRQDOKLHUDUFK\H[KLELWLQJWKHILUVWVHFRQGDQGWKLUGOHYHOIXQFWLRQV,Q)LJXUH
WKH3URYLGH$UFKLWHFWLQJ&DSDELOLWLHVIXQFWLRQLVEURNHQLQWRLWVWKUHHVXEIXQFWLRQV7KHILUVWOHYHOVXEIXQFWLRQ
$FFHSW8VHU5HTXHVWV	3URYLGH)HHGEDFNLV WKHVXEV\VWHPWKDW LQLWLDOO\KDQGOHV WKHGDWD LQSXWWHGIURPWKHXVHU
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7KHVH LQWHUDFWLRQV FDQ EH VHHQ E\ LWV VHFRQGOHYHO IXQFWLRQV $FFHSW 8VHU ,2 DQG 3URYLGH )HHGEDFN 7KH QH[W
VXEV\VWHP LV0DQDJH8VHU$FWLYLW\ ZKLFK FRQWUROVZKHUH WKH LQSXWV DQG RXWSXWVZLOO EH DOORFDWHG 7KLV VXEVHW
FRQWDLQV WKHVHFRQGOHYHOIXQFWLRQV$OORFDWH8VHU,23URFHVV0RGHOV	6LPXODWLRQV'LVSOD\8VHU$FWLYLW\DQG
,PSOHPHQW $UFKLWHFWLQJ 3ULQFLSOHV 7KH ILQDO VXEV\VWHP LV 'HWHUPLQH 6\VWHP 5HVSRQVH DQG LV UHVSRQVLEOH IRU
SURYLGLQJDFFHVVDQGSURFHVVLQJXVHU LQSXWVDQGRXWSXWV7KLV VXEVHWFRQWDLQV WKHVHFRQGOHYHO IXQFWLRQV0DQDJH
8VHU3HUPLVVLRQVDQG3URFHVV8VHU,2

)LJ)LUVWOHYHODQGVHFRQGOHYHOIXQFWLRQVKLHUDUFK\
2.4 Proposed Methods
7KHSURSRVHGPHWKRGFRQVLVWVRILPSOHPHQWLQJFHUWDLQDUFKLWHFWLQJSULQFLSOHVZLWKLQWKHDUFKLWHFWLQJWRRO7KLV
ZLOORFFXUDWWKHWKLUGOHYHOLQWKHIXQFWLRQDOKLHUDUFK\DQGKDVEHHQDVVLJQHGDVHWRIVXEIXQFWLRQVZKLFKFDQEH
VHHQLQ)LJXUH7KHIXQFWLRQ'HWHFW7XQQHOVZLOODOORZWKHDUFKLWHFWWRHDVLO\LGHQWLI\ZKHUHWXQQHOVPD\H[LVWLQ
WKHLU PRGHOV DQG 'HWHFW ; DQG 'HWHFW < DUH GHILQHG DV VXFK WR DFW DV SODFHKROGHUV VHUYLQJ DV H[DPSOHV WKDW
DGGLWLRQDODUFKLWHFWLQJSULQFLSOHVRIWKLVQDWXUHFDQEHH[HFXWHGDWWKLVOHYHODQGEUDQFKRIWKHIXQFWLRQVKLHUDUFK\
)XUWKHUPRUHWKLVVROXWLRQFDQEHH[HFXWHGHIIHFWLYHO\LQYDULRXVZD\V,GHDOO\DVWKLVIXQFWLRQLVFDUULHGRXWWKH
QRWLILFDWLRQ WKDW WXQQHOV H[LVW ZLOO EH LQGLFDWHG RQ WKH ())%' SULRU WR VLPXODWLRQ EHLQJ UXQ ,W FDQ DOVR ZRUN
VXEVHTXHQWWRWKHFRQGXFWHGVLPXODWLRQE\QRWLI\LQJWKHDUFKLWHFWZLWKDQHUURUORJRIWXQQHOORFDWLRQ7KLVPHWKRG
ZDV GHYHORSHG E\ GHFRPSRVLQJ WKH V\VWHP DQG LVRODWLQJ WKH DUHD LQ ZKLFK WKHVH SULQFLSOHV FRXOG EH DGGHG
&XUUHQWO\WKHUHLVQRWHFKQLTXHIRULGHQWLI\LQJWXQQHOVZLWKLQ())%'VH[FHSWWKDWWKHVLPXODWLRQZLOOQRWSURSHUO\
UXQDQGQRUHVXOWVZLOOEHUHWXUQHGGXHWRJDSVLQORJLF









)LJ7KLUGOHYHOIXQFWLRQVKLHUDUFK\

2.4.1 Use Case Diagram - Tunnel detection: User inputs data and requests to create model, tunnels are detected 
,Q WKH XVH FDVH VHTXHQFH GLDJUDP )LJXUH  WKH DUFKLWHFW¶V LQWHUDFWLRQ ZLWK WKH DUFKLWHFWLQJ WRRO GHSLFWV D
VFHQDULRRIWXQQHOGHWHFWLRQ7KHDFWLRQVZLWKLQWKHDUFKLWHFWLQJWRRODUHIXUWKHUGLVVHFWHGWRSRUWUD\WKHLQWHUDFWLRQV
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ZLWKLQ WKH V\VWHP XS WR LWV WKLUG OHYHO IXQFWLRQV  6LJQDOV  DUH GHILQHG DV RQH VLQJOH HYHQW RI WKH DUFKLWHFW
LQSXWWLQJGDWDLQWRDWRROOLNH&25(7KLVVLQJOHHYHQWRIGDWDLQSXWLQIRUPDWLRQDERYHWKHUHGGDVKHGOLQHPD\
KDSSHQUHSHDWHGO\IRUDQLQQXPHUDEOHDPRXQWRI WLPHVXQWLO WKHXVHU LVVDWLVILHGZLWKWKHLQIRUPDWLRQSXW LQWRWKH
VRIWZDUH'DWDLVLQSXWLQWRWKHV\VWHPE\WKHDUFKLWHFWDQGZLWKLQWKHDUFKLWHFWLQJWRROWKHLQWHUDFWLRQVVKRZKRZ
WKHGDWDEHLQJSURFHVVHGDQGDOORFDWHG7KHVHFRQGDFWLRQEHWZHHQWKHDUFKLWHFWDQGWKHDUFKLWHFWLQJWRROVKRZQLQ
VLJQDOVLVWKHXVHU¶VUHTXHVWWRFUHDWHDQ())%'7KHQHZHVWIXQFWLRQDOLW\,PSOHPHQW$UFKLWHFWLQJ3ULQFLSOHV
LQ UHG LV IXUWKHU GHFRPSRVHG WR WKH WKLUG OHYHO IXQFWLRQ WR VKRZ KRZ WKH V\VWHPV LQWHUQDO IXQFWLRQV LQWHUDFW WR
DFKLHYHWKHGHWHFWLRQRIWXQQHOVLQDGGLWLRQWRSURFHVVLQJDQGGLVSOD\LQJWKHPRGHO$XVHUUHTXHVWLVVHQWWRWKH
V\VWHP WR FUHDWH WKH PRGHO 7KH V\VWHP WKHQ FKHFNV IRU HUURUV DQG WKH WXQQHO GHWHFWLRQ PRGXOH ZLOO YHULI\ WKH
H[LVWHQFHRIWXQQHOV,IWXQQHOVDUHGHWHFWHGWKHV\VWHPZLOOGLVSOD\WKHVHLQGLFDWRUVZLWKLQWKH())%'


)LJ8VHFDVHVHTXHQFHGLDJUDPWXQQHOGHWHFWLRQ

2.4.2 Enhanced Functional Flow Block Diagrams (EFFBD) 
)LJXUHVDQGDUHWKHWXQQHOGHWHFWLRQXVHFDVHUHSUHVHQWHGDV())%'V)LJXUHLVWKHILUVWHYHQWZKHUHWKH
XVHULQSXWVWKHGDWDDQGPD\RFFXULQPDQ\LQVWDQFHVWRFUHDWHDSURSHUPRGHO,Q)LJXUHWKHSRUWLRQGHGLFDWHGWR
WXQQHOGHWHFWLRQLVVKRZQ7KHXVHUUHTXHVWVWRFUHDWHDQDUFKLWHFWLQJPRGHO+HUHWKHEOXHLFRQVLQGLFDWHWKHQHZO\
DGGHGIXQFWLRQDOLW\DQG LW LV VHHQ WKDW WXQQHOVPD\RUPD\QRWEHGHWHFWHGEXWHDFKPRGHO WKDW LVSURFHVVHGZLOO
XQGHUJRWKLVFKHFNWRHQVXUHWKDWWKHUHDUHQREUHDNVLQWKHV\VWHP¶VIORZ

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
 )LJ8VHFDVH())%'WXQQHOGHWHFWLRQVLJQDOV 

)LJ8VHFDVH())%'WXQQHOGHWHFWLRQVLJQDOV
 5HVHDUFK5HVXOWV
&RQVLGHULQJWKHFXUUHQWO\H[LVWLQJV\VWHPLQXVLQJ&25(WKHXVHUZLOOUXQLQWRWKHIROORZLQJSUREOHPV+HUHDQ
H[DPSOHXVHFDVHLVFUHDWHGIRUWKHXVHUWRUHTXHVWWRUXQDVLPXODWLRQZLWKDPRGHOWKDWFRQWDLQVHUURUVXQNQRZQWR
WKH XVHU  7KH DGGLWLRQDO ³7XQQHO 'HWHFWLRQ´ IXQFWLRQ GRHV QRW H[LVW 7KUHH GLIIHUHQW GLDJUDP YLHZV XVH FDVH
GLDJUDP ,'() DQG())%'ZLOO EH XVHG WR VKRZ WKH FXUUHQW SURFHVV LQ SODFH DQGZKHUH WKH GLVSDULW\ RI HUURU
QRWLILFDWLRQ OLHV  7KH V\VWHP ZLOO FRQWDLQ GHOLEHUDWH WXQQHOV WR GHPRQVWUDWH ZKHUH WKHUH LV DUHD IRU SRWHQWLDO
LPSURYHPHQWV7KHXVHFDVHZLOOOD\RXWWKHVFHQDULRRIUXQQLQJDVLPXODWLRQZLWKDPRGHOWKDWFRQWDLQVDQHUURU
WKH,'()GLDJUDPZLOOVKRZLWVWXQQHOLQGLFDWRUVZKHUHWKHWXQQHOVH[LVWDQGWKH())%'ZLOOVKRZWKHVDPHXVH
FDVHZLWKRXWDQ\GHWHFWLRQRIDQ\WXQQHO

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3.1 Example – Use Case Diagram 
)RUVLJQDOVLQ)LJXUH WKHXVHU LQSXWVGDWD WRFUHDWHDV\VWHPPRGHOZKLFKDJDLQWKLV LVDGHSLFWLRQRID
VLQJOH HYHQW DQGZLOO RFFXUPDQ\ WLPHV LQ RUGHU WR SURSHUO\ FUHDWH WKHPRGHO )ROORZLQJ WKLV DFWLRQ VLJQDOV 
SRUWUD\WKHXVHU¶VUHTXHVWWRUXQWKHVLPXODWLRQIURPWKH())%'WKDWZDVFUHDWHGIURPWKHPRGHO$VVXPLQJWKHUH
DUHHUURUVLQWKHXVHU¶VGHVLJQWKHVLPXODWLRQZLOOSURYLGHDQHUURUSURPSWWRWKHXVHUQRWLI\LQJWKDWWKHVLPXODWLRQ
FDQQRWEHUXQGXHWRHUURUV5HVXOWVFDQQRWEHGLVSOD\HGVLQFHWKHVLPXODWLRQFDQQRWEHUXQWRFRPSOHWLRQZKLFKDUH
VLJQLILHGE\EORFNLQJHYHQWVQRWLILFDWLRQVLQ&25()LJXUH

)LJ8VHFDVH())%'8VHUUXQVVLPXODWLRQFRQWDLQLQJHUURUVQRWXQQHOLQGLFDWRUVVLJQDOV




 


)LJ([DPSOHRIEORFNLQJHYHQWVQRWLILFDWLRQ
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3.2 Example – IDEF0  
+HUHLQ)LJXUHWKH,'()VKRZVWKHLQWHQWLRQDOO\FUHDWHGWXQQHOVWKHUHIRUHZHNQRZWKHUHLVDGLVFRQQHFWLRQ
LQ WKH ORJLF DQG WKH VLPXODWLRQ ZLOO GHWHFW DQ HUURU ZLWKRXW KDYLQJ WR UXQ WKH VLPXODWLRQ 7KHVH VLJQDOV KDYH
SDUHQWKHWLFDOQRWDWLRQ DURXQG WKHKHDGRU WKH WDLORI DQ DUURZ +DYLQJ WKH WXQQHOV LQGLFDWHGSULRU WR UXQQLQJ WKH
VLPXODWLRQ DOORZV WKH DUFKLWHFW WR NQRZ WKDW WKHUH DUH IDXOWVZLWKLQ WKHPRGHO  )XUWKHUPRUH VLQFH  WULJJHUV
ZKLFKLQ WXUQWULJJHUV WKLVFUHDWHVDUHVRXUFHGHDGORFNVLWXDWLRQWKDWZLOODOVRJLYHWKHVDPHEORFNLQJ
HYHQWVLQ&25(DVZRXOGDWXQQHOGLVFRQQHFW

)LJ,'()WXQQHOGHWHFWLRQ

3.2.1 Example – EFFBD 
())%'GRHVQRWVKRZDQ\ WXQQHOV LQ WKLV WKUHDGHGXVHFDVH WKHUHIRUH LWZLOO OHW WKHXVHUDWWHPSW WR UXQ WKH
VLPXODWLRQEXWZLOOQRWJUDSKLFDOO\LGHQWLI\ZKHUHWKHWXQQHOVH[LVW$VDPRFNXSH[DPSOHWKH())%'LQ)LJXUH
KDVEHHQPRGLILHGWRLQFOXGHQRWDWLRQDOWXQQHOLQGLFDWRUV

)LJ())%'$UFKLWHFWLQJWRROVLPXODWHVDQ())%'GLDJUDPDQGUHWXUQVUHVXOWVZKLFKZLOOFRQWDLQHUURUVLIWKHUHDUHXQGHWHFWHG
WXQQHOV)XQFWLRQVWDQGWVKRZSURSRVHGYLVXDOL]DWLRQIRUWXQQHOVDVSDUHQWKHVHVDURXQGWKHDUURZKHDGVDQGWDLOVRIWULJJHUVHQWHULQJ
DQGOHDYLQJWKHVHIXQFWLRQVUHVSHFWLYHO\7KLVLVGRQHWRLQGLFDWHWRWKH$UFKLWHFWYLHZLQJWKLVGLDJUDPWKDWWDQGWKDYHEHHQ
GHFRPSRVHGDQGKDYHORJLFDOGLVFRQQHFWVRQFKLOG())%'VWKDWZLOOFDXVHHUURUVLQVLPXODWLRQ
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 &RQFOXVLRQV
$QDUFKLWHFWPD\VSHQGDQGHYHQZDVWHPXFKWLPHRQPDQXDOO\FKHFNLQJ())%'VIRUGLVFRQWLQXLWLHVLQWKHLU
ORJLFDOGHFRPSRVLWLRQ%\LQFUHDVLQJWKHHIILFLHQF\DQGLPSURYLQJWKHXVDELOLW\RIQRWDWLRQVOLNH())%'LQWRROV
DUFKLWHFWVPD\EHVSDUHGIURPGHYRWLQJ WRRPXFKWLPHWU\LQJ WR LGHQWLI\ WKHVRXUFHRIVLPXODWLRQHUURUV WKDWPD\
H[LVW9LVXDO LQGLFDWRUVPD\DOVRKHOS WKHDUFKLWHFWJDLQDEHWWHUXQGHUVWDQGLQJRI WKHUHTXLUHPHQWVRI WKHV\VWHP
7KHH[DPSOHXVHFDVHDERYHDVVHVVHVWKHGHVLJQRIWKHSURSRVHGQHZWXQQHOGHWHFWLRQFDSDELOLW\,QRUGHUWRXVHWKLV
FDSDELOLW\WRDVVHVVWKHGHVLJQRIDQ\V\VWHPRQHPD\DSSO\WKHVDPHWKRXJKWSURFHVVWRDQ\PRGHOVXEVHWRIDUHDO
V\VWHP)RUH[DPSOHDFRPPXQLFDWLRQVV\VWHPWKDWUHFHLYHVLQSXWVRQWKHFKLOGGLDJUDPEXWGRHVQRWKDYHWKHVH
RXWSXWV RQ WKH SDUHQW GLDJUDPZLOO UHVXOW LQ D ODFN RI ORJLFDO FRQQHFWLRQV DQG LQ WXUQZLOO UHVXOW LQ QR UHOD\ RI
FRPPXQLFDWLRQZLWKLQWKHV\VWHP
7KHFXUUHQW ODFNRIYLVXDO LQGLFDWLRQIRUD WXQQHOGHWHFWLRQRQH[HFXWDEOHGLDJUDPVSUHVHQWVDVHWEDFNIRU WKH
DUFKLWHFW 2QHPD\ VSHQGPXFK WLPH JRLQJ EDFN DQG IRUWK WU\LQJ WR LGHQWLI\ WKH LVVXHV WKDW SUHYHQW WKHP IURP
SURSHUO\UXQQLQJDVLPXODWLRQEXWZLWKWKLVVXJJHVWHGLPSOHPHQWDWLRQRIDUFKLWHFWLQJSULQFLSOHVPXFKWLPHFDQEH
VDYHGE\UHGXFLQJWKHQXPEHURIVLPXODWLRQEORFNLQJHYHQWGHEXJJLQJF\FOHV7KLVW\SHRIVROXWLRQOHDYHVURRPIRU
DGGLWLRQDO WRRO HQKDQFHPHQW DV WKHUH FDQEH YDULRXV W\SHV RI LQGLFDWLRQ WKDW FDQ DLGXVHUV WR LQFUHDVH WKH XVHUV¶
HIILFLHQF\,PSURYLQJWKHVNLOOVRI WKHDUFKLWHFW LV LPSRUWDQW WRPDNHDQDGHSWDQGFDSDEOHV\VWHPVHQJLQHHU7KLV
WXQQHOLQJWHFKQLTXHPD\RFFXUPDQ\WLPHVDQGLQPDQ\SODFHVZLWKLQWKHPRGHODQGLQFUHDVLQJWKHLUYLVLELOLW\WR
DUFKLWHFWVZLOOHQKDQFHWKHFRPSOHWHQHVVDQGZHOOIRUPHGQHVVRIWKHPRGHO

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